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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 Background 
 
 
 The safety of any vessel is of paramount importance to vessel designers and 
operators and to the regulatory bodies. For this reason, it is mandatory requirement 
for the vessel designers to submit stability booklet to the regulatory bodies such as 
classification society and marine department before the construction begins. Stability 
is generally defined as the ability of the vessel to return to the upright position 
whenever it heels to one side either by internal or external forces.  
 
 The consideration of safety is a complex matter as it has to be considered 
together with a number of conflicting factors such as the vessel’s mission, 
performance, comfort, appearance, cost and profit. The type of vessel and function 
influence its safety standard. Vessels built for a specific duty such as research or 
defense has safety as their prime concern, while for commercial vehicles it is the 
economic viability (Turan, 1993).   
 
 The safety standard of commercial vessel at times conflict with their 
economical viability and their operational efficiency. A compromise has to be 
achieved between safety and economic viability. The main concern changes on 
design and regulations, results in extra cost or low operational efficiency.  It is 
obvious that this conflict increases the potential risk of vessels loss. Therefore, 
improvement in the safety of vessel must be practical but at the same time offer a 
substantially improved standard. 
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The damage that might occur to any compartment of a vessel can cause the 
loss of its cargo, crew and the vessel itself. Compartment damage can cause the 
vessel to sink, trim, heel, reduction of GM and GZ or combination of two or more of 
them, which could eventually lead to capsize. Therefore it is incumbent to the 
designer to provide all necessary documentation to the classification society or other 
related/concerned authorities to prove that the vessel still has adequate minimum 
buoyancy and stability. Unlike intact stability, where the concern over transverse 
stability always outweigh the longitudinal stability, during the damage situation, both 
transverse and longitudinal stability need to be assessed. This is due to high 
possibility of forward or aft end compartment being flooded which results of 
excessive trim and if the damage is unsymmetrical, it also can cause the vessel to 
heel. 
  
 The damage stability assessment for large vessel is not adequate for small 
vessel. The main reason is due to the smaller reserve buoyancy and the length of 
compartment is relatively smaller as compared to large vessel. The reason leads the 
small vessel to be more sensitive to damage. As a result, a small vessel can capsize in 
the damaged situation even it has satisfied the damage stability criteria requirement 
(Samian and Maimun, 2000). 
  
 The aim of this research is to concentrate on the assessment of damage 
stability of small vessel. Time Domain Simulation approach is used to examine the 
vessel motions during and after flooding in order to understand the physical 
problems behind the capsizing phenomena. By using the results of the analysis, an 
approach for more realistic residual and intermediate damage stability criteria can be 
developed. For such an investigation the most important thing has to be studied is 
motion. It is common knowledge that Roll motion, which is the most important 
motion for the dynamic stability of vessels is normally taken into consideration when 
researching the capsizing especially for Beam Seas. The rolling motion become 
bigger due to asymmetry leads the vessel to heel and capsize rapidly. Parametric 
studies are conducted to develop a damage stability simulation program for small 
vessel.  
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 It should be noted that the present study does not attempt to develop a new 
damage stability criteria for small vessel, but this study is to develop a methodology 
for assessing damage stability of small vessel using Time Domain Simulation. 
However, with the developed methodology for assessing damage stability of small 
vessel, it is believed to be very useful as a reference for future development of 
damage stability criteria. 
 
 
1.2  Research Objectives  
 
The objectives of this research are given as follow: 
i. To develop mathematical model to describe the water ingress and motions of 
small vessel in damaged condition. 
ii. To develop a technique using Time Domain Simulation for the stability 
assessment of damaged vessel. 
iii. To validate the output of simulation program with the experiment result. 
 
 
1.3 Scopes of Research 
 
i. The research is to modify an existing Time Domain Simulation program for 
damage stability. 
ii. This research covers progressive flooding and method of calculation being 
used is added weight method. 
iii. The research is limited to regular wave in Beam Sea condition and includes 6 
degrees-of-freedom motions. 
iv. The simulation program will be applied to the parametric study of “Sarawak 
Fast Ferry”  
v. The experiment will be run to verify the output of the simulation program. 
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1.4 Research Outline 
 
This study starts by critical review of the existing damage stability criteria. 
The summary of the background and basis of the existing damage stability criteria 
are provided. Then, it concentrates on the limitation of the existing damage stability 
criteria and the problem of damage vessel stability. This is followed by the use of 
Time Domain Simulation approach to analyze the vessel motion. 
 
In the modelling part, a six-degrees-of-freedom mathematical model is 
adopted to the simulation program. The main effort of this model is based on the 
accurate computation of the water ingress acting on the vessel at each instant of time. 
Whilst, the dynamic term in the equation of motion is estimated by using the 
frequency independent coefficient, which can be obtained through the published 
literatures.  
  
 In the analysis, parametric studies are carried out to find the behaviour of the 
vessel in damage condition. The vessel is chosen for analysis is Sarawak Fast Ferry. 
In parametric studies, the boundary of safe region is determined by changing the 
environment and vessel design parameters. The experimental results will be used to 
validate the simulation output. 
 
Finally, the safe and unsafe region determined by studying the results 
obtained from the parametric studies. These results are then discussed and 
conclusions are drawn. For future work, suggestions and steps to improve the present 
study are recommended.  
 
